SUMMARY The clinical and necropsy findings in four cases of interrupted right aortic arch and right descending aorta associated with DiGeorge syndrome (congenital absence or hypoplasia of the thymus and parathyroids) are described. All patients had a mirror image of type B interruption, namely a right aortic arch with reversed branching pattern and an interruption between the right common carotid and right subclavian artery. In two patients there was a doubly committed subarterial ventricular septal defect and in the two other patients there was a perimembranous septal defect. Three patients had a bicuspid aortic valve. In a consecutive series of 185 necropsies in infants and children with congenital heart disease there were no cases of interrupted right aortic arch that were not associated with DiGeorge syndrome.
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These observations and previous reports indicate that the concurrence of these two rare conditions is more than fortuitous. In patients with an interrupted aortic arch the clinician should be aware of the common association with DiGeorge syndrome. If the interruption is associated with a right-sided descending aorta it is highly probable that the patient has DiGeorge syndrome.
Interruption of the aortic arch is an uncommon cardiovascular anomaly which is almost invariably associated with a left-sided descending aorta, continuous with a left ductus arteriosus.-3 There are only a few recorded cases of interruption associated with a right-sided aortic arch.36 We found this anatomical arrangement in four patients seen during the past ten years. In all four patients the thymus was absent, hypoplastic, or ectopic, as is characteristically seen in DiGeorge syndrome.7 The concurrence of these two rare conditions is more than fortuitous and is therefore reported. 1). Twelve patients had an interrupted aortic arch, which was left-sided in eight cases and right-sided in four cases. This paper deals with the findings in the four patients with an interrupted aortic arch and a right-sided descending aorta, two of whom (cases 1 and 2) were mentioned in a previous report.5 Apart from these four patients no other cases of interrupted right aortic arch could be traced from our necropsy or clinical files.
Patients and methods

Nineteen
Agenesis and hypoplasia of the thymus were defined as total or partial developmental absence of the gland respectively. Stress involution was distinguished from hypoplasia because it caused sym- 275 ears, ocular hypertelorism, retrognathia, and a fish-mouth appearance were seen in cases 3 and 4.
Cardiac catheterisation and angiocardiography were performed in three patients (cases 1, 2, and 4). Considerable pulmonary hypertension, equal pressures in the right and left ventricles, and a large left-to-right shunt at the ventricular level were demonstrated. The systolic pressure in the right-sided descending aorta, which in all three patients could easily be entered from the pulmonary artery via a right-sided ductus arteriosus, was slightly lower than in the ventricles. The angiograms showed the characteristic features of interruption of the aortic arch, which will be discussed in more detail (fig 1) . CARDIOVASCULAR ANOMALIES Table 2 shows the major cardiovascular findings at necropsy. In each of the four cases the interruption of the aortic arch was type B. The descending aorta was located to the right of the oesophagus and was supplied by a right ductus arteriosus arising from the pulmonary trunk. The right subclavian artery arose from the superior aspect of the descending aorta. In cases 1, 3, and 4 the first branch of the ascending aorta was the left innominate artery, which gave rise to the left subclavian and the left common carotid artery; the right common carotid artery was the second branch (fig 2) . In case 2 the ascending aorta gave rise only to the left and right common carotid arteries (fig 3) . In this exceptional case a bilateral ductus arteriosus was identified. The left subclavian artery was isolated from the aortic arch and connected with the pulmonary trunk via a left ductus arteriosus. The right ductus arteriosus supplied the descending aorta.
In cases 1 and 2 a doubly committed subarterial ventricular septal defect was found. This defect was located directly beneath the aortic and pulmonary valves and its floor was formed by the fused portions of the trabecula septomarginalis and the ventriculoinfundibular fold (fig 4) Severe cardiovascular malformations are found in nearly all patients with either the complete or partial form of the syndrome.5 9 The vast majority of these malformations may be classified as aortic arch anomalies (right aortic arch, interrupted aortic arch, aberrant origin of the subclavian arteries) or conotruncal anomalies (truncus arteriosus, tetralogy).
DiGeorge syndrome is not as rare as generally thought. The fact that we found 19 patients with complete or partial absence of the thymus in a series of 185 infants and children with congenital heart 277 disease who came to necropsy within a 10 year period may be due to the interest that the pathologists were taking in this syndrome and the attention they paid to the development of the thymus and parathyroid glands. Twelve of these 19 cases had interruption of the aortic arch, which was associated with a rightsided descending aorta and a right patent ductus arteriosus in four patients (table 1) . No other cases of interrupted right aortic arch were encountered in this necropsy series nor in a patient population of approximately 5000 infants and children with congenital heart disease investigated during the same period. Thus we have not come across a single case of interrupted right aortic arch not associated with DiGeorge syndrome. Three additional patients in the necropsy series had a right-sided aortic arch and descending aorta, which was associated with truncus arteriosus in two and tetralogy of Fallot in one case. A high frequency of right aortic arch in DiGeorge syndrome (seven out of 19 cases in the present series) has also been noted by others: it was found in 42% of 52 cases compiled by Moerman et al and in 24% of a series of 50 patients reported by Van Mierop and Kutsche."
In view of the high frequency of right aortic arch and the equally high frequency of interrupted aortic arch in DiGeorge syndrome, it is not surprising that all three malformations were found in some patients. To our knowledge eight cases of interrupted right aortic arch have been reported. Pierpont et al described the pathological features in four cases but did not mention the anatomy of the thymus.6 Nor was it mentioned in two other cases.24 So we can only speculate about the presence of thymic aplasia or hypoplasia in these patients. In the remaining two patients,1 1 12 however, and in the four patients in our series in whom the thymus was examined, the typical features of DiGeorge syndrome were found. Interruption of the aortic arch with right descending aorta may cause compression of the right main bronchus, resulting in severe lobar emphysema of the right lung.6 This complication was not encountered in our patients.
Our observations support the concept that the basic developmental defect in DiGeorge syndrome affects the cephalic neural crest. Experimental studies have shown that normal aorticopulmonary septation and thymic morphogenesis depend on derivatives of the cephalic neural crest. 13 - Moerman, Dumoulin, Lauweryns, Van der Hauwaert and fourth pharyngeal pouches (thymus and parathyroid glands), and conotruncal cardiac defects. The aortic arch anomalies that are found in many of these patients might be secondary to conotruncal maldevelopment causing reduced anterograde blood flow in the ascending aorta and impeded normal growth of the aorta.'7 Recently, Lammer et al suggested that the deficient activity and migration of cephalic neural crest cells might be related to vitamin A teratogenicity. '8 DiGeorge syndrome is rarely diagnosed before operation or necropsy. This may be because hypocalcaemia is not often the presenting feature and abnormal susceptibility to infections only becomes obvious in the first months of life in the few patients who have a normal heart or survive with a cardiovascular malformation. Clinical recognition is important if cardiac surgery is considered, because the transfusion of irradiated blood may avoid a serious graft versus host reaction." The clinician should suspect DiGeorge syndrome in infants with interruption of the aortic arch or truncus arteriosus, particularly if they have facial stigmata and hypocalcaemia. Our study indicates that the degree of suspicion should be even higher if the interruption of the aortic arch is associated with a right-sided descending aorta.
